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OBJECT

To investigate the luminosity charac-
teristics of selected fuels, oxidaats, and
additives as ingredients ie high-altitude
photoflash compositioas.

SUMMARY

Calcium/magnesium and calcium/
aluminum alloys are satisfactory sub-~
stitutes for calcium metal powder as
highly efficient fuels for high-altitude
photoflash items. Whean tested under
pressures simulating a 100,000-foot
aleitude, these alloys had much greater
light output thaa at sea {evel. This
phenomenon can also be obtained with
compositions containing calcium salts
which are oxidant s (calcium gitrate,
calcium perchlorate) oc additives (cal-
cium oxide or calcium fluoride)

Test results indicated that calcium—
as a metal powder, alloy, or salt—is
necessary for the productior: of superior
high-alti tude flashes,

" The alkaline earth perchlocates were -
found ¢o be better oxidants thaa the
alkali metal perchlorates. Of the alka-
line perchlorates evaluated (calcium,
stroutiuty, and barium), the calcium
compound was ootimuss st boch sea

leve! and high altitude. Sodium perchlo-
tate was optimum at high altitude among
the alkali perchlorates investigated
(sodium, potassium, and lithium),

Substitating alkaline earth perchlo-
rates foc cheir respective aicrates

considerably improved light output at
both sea level aad high alcitude. Sub-
stituting barium perchlorate foe barium
nitrate also improved the ignttability of
the composition,

Of the high-energy fuels evaluated
(aluminum, magnesiur. zicconium, tita-
nium, calcium, boron, and silicon), alumi-
num and mapgnesium were most efficient
at sea level, while calcium was mest
efficicat at 100,000 feet.

CONCLUSIONS®

a. At high altitudes, the ultimate per-
formaace of any specific fuel-oxidaat
mixture depends on the formation and
energy csatent of discrete bands.

b, Whereas the conversion of chemical
encrgy to heat energy is most important
at sea level, the ability of a compound
to emit radiation in discrete bands be-

comes the critical factor at high altitudes.

¢. The type of spectra formed at high
altitudes may be predicted by comparing
the luminosity values obtained from each
specific composition at high altitudes
with like values obtained from the same
composition at sea level,

d. Of the alkali perchlorates evaluated
as oxidanrs at high altitude (sodium,
potassium, lithium), sodium perchlocate
was optimum,

!Coaclusions », b, and c ate genezal assump~
tioas based in part on infoemation obtained by
spectrographic analyses of selected flashes re=
ported in Picatinny Arscnal Technical Repore
646, October 1959,
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¢. O the alkaline perchlorates evalu-
ated as oxidanrs at high altitude (cal-
cium, strontium, barium), calcium per-
chlorate was optimum,

f. Of che alkaline esrth nitrates
evaluated a¢ high sltitude (caicium,
stronzium, barium), coicium aiwate
was optimuom.

g- Substit.ring alkaline perchlorates
far their tespective nitrates considerably
improves the ignitability and light out-
put of mixtures at both sea level and
high altitude,

b. As a class, the alkaline earth pe:-
chlorates appe 1: to be superior to the
alk+'i metal perchlosates,

i, Gt 2!l i}e oxidants evaluated with
aiemiat.- as the sole fuel, .ly calcium
pr v biwate and calcium nitrute yielded
more light at high altitude than at sea
level. Foc the citrate, the incteass ia
light output at 100,000 feet was similar
in magnitude to that obtainzd for composi-
tisos containing calcium metal and calcium
allcy, indicating the formationof the same
discret=-band-emitting species.

j. The phenomenon of increasiag light
output with increusing alticude obtained
for compositions containiag calcium
metal, calcicm alfoys, calcium perchlo-
rate, and calcium niteate caa also be
obtained by adding inert calcium saks
(calcium oxide and calcium fluoride) to
a high-temperature-producing composi-
tion (aluminum/pocassiun pecchlocate).
Although the magnitude of the increase
in tocal light was considerably less for

the compositions containing caleium
additive, these fast and high-peuking
flashes are of considecable intecest for
fucure applications

k. Of the high-enetgy fuels evaluated
(aluminum, magaesium, zirconium, tita-
nium, calcium, boron, and silicon),
aluminum and magresium were the most
efficient at sea level, calcium ac
100,000 feer.

1. In general bur within limits, toe
trrad is towards increasing light output
of a specified fucl-czidant mixture with
increasing fuel coateat above the stoi-
chiometric amoust,

m, Calciun-magaesium alloy and cal-
civm-aluminum alloy cas be substituted
for calcium matal powder without any
sigaificant loss of light output at either
sez level oc 100,000 feet.

. The partial substitution of aluminum
for calcium gives the fast times-to-peak-
inteasity characteristic of alumiaum com-
posirions while still maintaining the rela-
tivel - high-light-yield characteristic of
calcium compositicas.

INTRODUCTION”

L. Io an earlier repoet (Ref 1), the
factoes responsible for the formation of
highly efficient flashes at high alticude
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3 were discussed and their implications of flashes occarring at low pressures, :
3 pointed out. In brief, it was tound that
. the combustion of calcium metal powder 4. Though relatively litrle work was
3 y under reduced pressure produces spec- performed at Picatinay oa the spectro-
- - - -
E trally active calcium cxide molscules graphic examination of the {lashes ob-
3 which emit intznse baads in the visible tained in the present study, it was fele
3 tegion. It is also defigitely known that that the lack of such information should
3 the prasent photoflash mixtures of pow- not delay the dissemination of the con-
3 dered fuel and oxidact can support & siderable amounx of luminosicy data that
3 propagating flame only if the fuel- was accumulated, Therefore, this repoet
4 oxidant ratio is within cerrain defined dees ot develop any new tkeories or .
’ limits. Since a considerable quantity concept s regarding high-altitude flashes, :
E of oxidzat is required for propagation but only relates as factually as possible is
| within these limits, 2 program was ini- the relative merits of individual ingredi- 5t
. 3 tiated to investigate oxidiaut s whick ents which caa be used in photoflask %
) can be used as additicaz! zeuese = of coimpositions. E
digcrete-band-eminting molecules. .
: RESULTS AND DISCUSSION S
1. : 2. In addition, becaus= of difficulty . L. .
E in obtaining calcium metal powder in 5. The resulrs of the luminosity mease -
. the 20-micron range, 2 scudy was iai- uiements are presented in Tables 1 1
: tiated to evaluate readily obrainable throuzh 14 (pp13 through 26), in most {
3 calcium compounds such as calcium cases us averages for S-test-round groups, 3
‘ . hydride, calcium/magaesium alloy, and {?ara for carridges which did not func- :
i _ calcium/aluminum alloy as replace- tion properly was excluded from the ‘
4 meats for calcium metal powder. averages. 3
3 . 3
} ) :
$ 3. It should be emphasized that, since Oxidant s ) 5
1 i i naty 3
& : the gash;s ?btlalme:l h::reo n::me:::l?ed 4. As Table 1 (p13) shows, bi E
3 :§° “’i fp“’a‘hz’st :‘l”o?n: A ‘_‘:. compositions containing sslected alkali :
: adequzrs trom andpoint of prove metal perchlocates (potassium, sodium, &
5 ing iaformation on the reaction and IR L, ] . e
4 - sion brocesses occurting in the and lithium) ia combination with calcium “
E emission processes occureing metal powdee did not show aay signifi- )
= ] fiashes. The imporcance of specteos- : . . "'%
P . . . cant differences in luminosity charace
. E copy as an analytical tool in quanti- - < o e
- ; . P R . teristics at sea level. The similarsity of 3
b g tatively determiniag the effects of alti- cesul icinated si 25
) 1 tude on the emission characteristics of SU1LS Was anticipatcd since & spece 2
o 1 troscopic study of flashes (Ref 1) had =
3 flashes was confirmed by work with . . . - A
] 3 . A tevealed that the visible emission at -
) 3 calcium reported in Picatinny Arsenal . . &
: 3 ! sea level is essentially due to geray- .
o & . 3 Technical Report 2645 (Ref 1). The body radiati 4
H 3 { h " . \ ion. o
i1 - 9 . information obcained also added con- g
& . siderably to the general understanding 7. In contrast to cthe sea-level resuits, E
5 :
2t BRI . 3
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H i ;
1) B j \
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significanr differences in the burning
and lighe characteristics were obtained
at 100,000 feet. In each group, the com-
posiction containing sodium perchlorate
as the oxidant yielded the most light.
Since the heat output per unit weight of
composition was comparable for all of
the oxidaats evaluated, it would appear
that the additional light from the sodinm
perchlucate compositions may have been
due to discicic fiaes emitted by atomic
sodium.

8. Both at sea level and at 100,000
feet, the time to peak intensity was con-
siderably shorter for the stoichiometric
compositions than for the fuel-rich com-
positions. For that matter, with the ex-
ception of a calcium/calcium nitrate
composition {discussed later in the re-
port), relatively low peal intensity aad
relatively long time to peak intensity
appeared to be characteristic of the R
fuel-rich calcium compositions. Increas-
ing the calcium-free metal content by
the use of a higher-purity calcium pow-
der substantially improved the light
output per gtam of compositioa.

. . 9. As Table 2 (p 14) shows, trends
similar to those discussed above for
the calcium compositions were also
found to exist for the aluminum compo-

- sitions. At sea level, the composition
containing lichium gerchlorate emitted
the most light per wnit weight of com-
positiou and cxhibited the highest peak
light level. At the simulated 100,00C-foot
altitude, the composition containing
sodium perchlorate was the most effi-
cient, yieldiog the highest peak light

B E v e B

.

and total light values, Although the
light output was lower at 10G. 200 feet
than at sea level for all three composi-
tions, the reduction was less for the
sodium perchlorate composition than
for the lithium |pecchlorate and potassium
perchlorate compositions. Assuming that
the energy level of the continuum de-
creases comparably for all of these com-
positions, the smaller decrease in light
ouput obtained for the sodium perchlo~
sate composition may iadicate sodium
(D) line emission.

10. Another attempt to develop more
efficient photoflash compositions was
the use of representative alkaline eatth
perchlorates (calcium, barium, and stroe-
tium) as potential sources of discrete-
band emitters and cciisequently more
efficient oxidants, Luminosity charac-
weristics of stoichiometric aluminum com-
positions containing these oxidants are
compared in Table 3 ( p15) to those
coatainiag alkali metal perchlorates.

11. From the standpoint of total light
output both at sea level and at the simu-
lated 100,000-foot aititude, the alkaline
carth metal perchlorates were superioe
to the alkali metal perchlurates as oxi-
daats.

12. Accempts to correlate the light
output of each group of oxidants with
the positica of its cations in the peri-
odic table ravealed a trend toward ia-
creasing efficiency with incre-siag
stability of the compounds. This trend
follows the order of Ca>Se>Ba and
Na>K. Of the alkaline 2arth perchlorates

3 RS
o M

&
g
*
¥
3
3
<
<
= 1&
-
Al
3
. 3\
ot
4 4
%
i
3 1
= .
g A
ﬁ‘ NS -
& T
- Ty
ge .7
-
gg:_.'\:
g‘,}« . .
.

G il DPIR
..\q:: - f

w0

SRR

LR
Ay
A

R .

75
i

37

=

3

2
b
P

X

4

ek




WA il s b

e

valy

VO e
e

AN DL E o e e

S L Gl s

Pl

1

N3

wh o

[
LRE"

"

4

[
ViR sy

;mmwmw PLE

RN DL

SABETR
‘ ¥ ¥,

P

XSS

-t

v

G0 et

e v

JSE ey SRR TS R R

Fitan

T
<

:

TS T S Tt T e e

evalunated, calcium perchlorate was opti-
mum both at sea I~vel and at 100,000 feet.
At 100,000 feet, it> composition yielded
exceptionally high peak candlepower val-
nes accompanied by very short tise times.
It was the only perchlorate evaluated
whose composition €mitted more light at
100,000 feet than at sea level.

13. However, the magaitude of the in-
crease (22%) was considerably less thad
the 150% increase obtained with calcium
metal powder and the 194% increase ob-
tained with calcium nitrate (Table 4,

p 16). When formulated in szoichiomc.tric
proportions, the calcium perchlorate com-
position yielded the most light per unit
weight of composition both at sea level
and at 100,000 feet. Comparing the effi-
ciencies of the thtee compositions in
tetms of the qusatity of calcium available
for discrete-band-emitting molecules
(Ca0 or CaCl) did not indicate any rela-
tioaship between calcium content per se
and light output.

14, However, for a specific system, as
previously teported in Picatinay I.rsenal'
Technical Repott 2467 (Ref 1), incteas-
ing the calcium metal content from 40%
to 85% produced a continuous increase in
light output, These relationships indi-
cate the possibility of more efficient
formation and utilization of the discrete-
band-emirtting species by the calcium-
containing oxidams,

15. The data also shows coasidecable
improvemeant in light output for the cal-
cium niteate and calcium metal powder
compositions when tested at 100,000 feet,

but oaly slight improvemeant for the cal-
cium perchlorate composition. Since it
is definitely known that calcium mezal
powder emits radiation by both band and
continuum at high altitude and by coati-
nuum only at sea level, the possibility
exists that the consistent light output
obtained up to 100,000 feet for calcium
perchiorate may be due to discrete baad
emission at both high altitude and sea
level. In all probability, the emitting
:species fot the calcium perchlorate com-
position is CaCl while CaO is the emit-
ter for calcium powder and calcium ai-
teate (Ref 2).

16. The results obtained are very
sigaificant in that they suggest the possi-
bility of substituting uareactive calcium
salts for the highly reactive calcium
metal powder. It should be stressed that,
although compositions containing calcium
powder in Jarge excess produce very effi-
cient flashes at 100,000 feet, they peak
at considerably lower candlepower val-
ves than calcium salt compositions con-
taining aluminum powder as the fuel
(Takles 4 and 6, pp 16 and 18).

17. In an attempt to develop a compo-
sition which would yield maximum effi-
ciencies on a weight basis, calcium
metal pow der was evaluated in compari-
son with coaventional oxidants such as
potassium perchlorate, sodium perchlo-
tate, sodium nitrate, batium nitrate, and
calcium nitrate. All of the compositions
were fuel cich, the magnitude of the ex-
cess of fuel over stoichiometric require-
ments rangiag from 18% to 45% (Tables 5
and 6, pp 17 and 18), To properly evaluate
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the contriburtion made by the oxidant to
the luminosity characteristics of the
composition, comparisons will be made
only with compositions which contain a
comparable excess of fuel. Since calcium
has been evaluated almost exclusively
with potassium perchlorate as oxidane,
representative compositions from this
system will be used chiefly as staadards
for comparison.

18. As Table 5 (p 17) shows, the use
of sodium perchlorate (in an 80/20 cal-
cium/sodium perchlorate mixeare) instead
of potassium perchlorate (in the 75/25
calcium/potassium perchlorate mix) did
aot significantly alter the juminosity
characteristics at sea level. However,
at 100,000 feet (Table 6, p 18) the light
output showed considerable improvement
when the sodium perchlorate composi-
tion was usea. The partial substitution
of sodium nitrate for sodium perchlorate
(in an*80/10/10 czlcium/sodium perchlo-
rat2/sodium nitrate) did aot sigaificantly
affect the light output at either sea level
ot 100,000 feet. This result is of con-

-

t

nirrate (Table 6) in place of potassium
perchlorate in a 90/10 calcium/potassium
perchlocate compesition gave comparable
integral light values at 100,000 feet. The
most important feature of these results is
that, for the first time, a fuel-rich calcium
binary composition has been found which
yields a relatively high peak intensity
and a fast timé to peak intensity. The
reason this calcium-calcium nitrate com-
position exhibited luminosity characteris-
tics not previously associated with com-
positions containing a large excess of
calcium is not preseatly understood.

20. Because of the promising results
obtained for the calciim nitrace compo-
sitions (Tables 4 and 6, pp 16 and 18),
additional alkalinc earth nitrates were
evaluated with'atomized aluminum, As
Table 7 (p:19') shows, the phenomeaon of
increasing light output with increasing
altitude did not occur for either the
barium nitrate composition or the stron-
tium nitrate composition. Although the
strontium nitrate composition yielded
the most light per gram of composition

PR e

e

Hieowe &

at sea level, che light output dropped :
off radically at 100,000 feet, The barium :
nitrate composition was very difficult )
to ignite and, when igaited, yielded
very little light. Since che literature

- (Ref 2) reports the'existeace of rela-
19, A comparison of the luminosity tively intense strontium oxide bands,
) characteristics of the barium citrate com- the low light output of the strontium
position with those of two potassium pee- nitrate composition is not presently
chlorate compositions (85/15 and 90/10 understood, Again, the lack of spectro- -
calcium/pocassium perchlorate) show chat gtaphic data places severe limitations

pocassium perchlorate is supetior to on the analysis of the results.
barium nitrate as aa oxidant at both sea

level and 160,000 feet. The use of calcium

siderable interest since it suggests that
the complete substitution ot relatively
nonhygroscopic sodium nitcate for hygro-
scopic sodium perchlorate may be feasi-
: ble.
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21. As Table 8 (p 20) shows, the
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subsiitutiva of perchlocaces for che ai-
trates coasiderably improvec the light
output at both sea level :ad 16C,000 feet.
Thermal calculations indicate that the
higher light values obcained for the per
chlorate compositions may possibly be
due to a higker heat owtput, which is re-
‘lected ic the temperature of the flashes.

22. The relative light outpwt of the ¢xi-
dizirg ageats tested may be ¢ - narized
as follows:

a. Perchlorstes (Sea level and
100,000 feet) — Calcium>stroatium>barium
>sodium>lithium>potasaium,

b. Nitrates (100,000 feet) - Cal-
dium>stroatium>barium.

c. Nitrates (Sea level) — Scrontium>
calcium>bari um.

4. Oxidants (Sea level and 100,000
feet) — Perchlotazes>nitrates.

Additives

23. The promise sha 1 by calciem ai-
trate as an oxidant for high-altitude use
initiated a study of inert calcium sal:s
to be used as additives with & high-henc-
prouuzing (aluminum/potassium petchlo-
cate) composition, To maintain a basis
of comparison for the various composi-
tions evaluaced, all of chese composi-
tions were designed to coatain approsi-
mately 14% by weight of fusl in excess
of the stoichiometric quaatity.

24. Two sales, calcium oxide and cal-
cium flyoride, were selected oa the basis

7

Best Available Copy

of the large number of discrete bands
reported foc thelr respective products:
calcium oxide (CaO) and calcium sub-
fluocide (CaF). As Tadle 9 (p 21) shows,
the cread a¢ 100,000 fesc was towards
ince . asing light outpue with increasing
calcium oxide or calcium fluoride con-
tent up to 20 percent by weight. At sea
level, the additicn of up to 20 percent

by weight of ~alcium oxide or 9 percent
by weight of calcium fluoride did noc
essentially reduce the efficieacy of the
binary alumioum/pocassium perchlorate
composition. These results are surprio-
ing in that the additives can be coasidered
as being inert and therefore would not
supply say caergy to the flame.

25. Previous work with flashes (Ref 1)
did act indicate any appreciable band
formation at sea level, evea chough band-
emitting species waer dresent, Hence, a
coasiderable reductioa in light ontpwm
wag expected. The reason this reduction
did nut matecialize is not preseatly under-
stood. Of considerable interest are the
high peak laceasisies obtnined at
100,000 feet for the additive-containing
compositioas. From the standpoint of
handling and storage, relatively non-
hygroscopic calcium fluocride is far
superior to such dygroscopic calcium
salts as calclum nitrate and perchlorate.

26. In an ateempt to classify the con-
ventional high-temperasure-producing
fuels in terms of luminoeity characteris-
tice, stoichlometeic compositions con-
tainiag the fnels,aluminum, magnesium,
zirconium, ¢lianium, calcium, boron, and
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silicon in combination with potassium
perchlorate were tested at sea level aad
at a simulated altitude of 100,000 feet
(Table 10, p 22). With che exception of
calcium, all of the fuels yielded an
equal or smaller amount of light ac
100,000 feet than at sea level. The dif-
ference.between the amount of light
emitted at sea level and the amount
emitted at 100,000 feet for each com-
position is due to the types of spectra
formed. A spectroscopic analysis of
photoflashes (Ref 1) revealed that radia-
tion is emitted chiefly by continuum at
100,000 feet.

27. The maior limiting factors ia the
achieven.:uw of high tewveratures, the
boiling point and the exten: of dissocia-
tion of the reaction products, a-e de-
pendent on the existing pressurus, It is
obvious therefore that the final flash
temperature is 2 fuaction of the external
pressute snd consequently will decrease
with izcreasing altitude, Although the
larger flash areas obtained at 100,000
feet (Ref 1) compensate to some extent
for the loss in light outpur due to lower
flash temperatures, lower light values
are obtained at higher altitudes, indi-
catiag that gray body radiation is thz
principal scurce of emission.

28. At sea level, the most efficient
fuels were magnesium and aluminum,
which yielded approximately 10,000
candleseconds per gram of fuel, The
least efficient fuel was boron, which
yielded 3500 candleseconds per gram,
The luminosity chacacteristics of sili-
con could aot be determined because

ic did not ignite. Of interest are the un-
usual Juminosity characteristics exhibi-
ted by boron., The low-peak, long-time-
to-peak, long-burning-duration, and low-
light-output characteristics of the metal
all differ substantia)ly from data ob-
tained for the other fuels, At 100,000
feet, the most efficient fuel was calcium
and the least efficieat fuels were magae-
sium and boron. Of considerable interest
is the behavior of the magnesium flash
at 100,000 feet. Whereas the flashes
(*/» max) for the aluminum, zirconium,
and titanium compositions wete respec-
tively 22%, 57%, and S6% shocter at

100,000 feet than at sea leyzl, the magae-

sium composition exhibited an extraordi-
nary 93% reduction. This substantial in-
crease in the rate of cooling from peal.
light to 4, peak light level at 100,000
feet is not understood. It should be aoted
that the 93% reduction in the light output
of the magnesium flash at 100,000 feet
is comparzble to the reduction obtained
for magnesium flare compositions at
100,000 feet, indicating that there is
some similarity in the combustion proc-
esses for the two systems.

29. To determine the existence of any
teends in light output versus fuel con- .
tent, each of the binary systems was
evaluated with additional compositions
coataining an excess of fuel. The choice
of 14% as the amount by which the fuel
was made to exc2ed stoichiometric pro-
portions hasno special significance. As
Tables,11, 12, and 13 (pp 23, 24, and 23)
show, the light output was in all instan-
ves was greater for the fuel-rich compo-
sitions thaa for the stoichiometric
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compositions at both sea level and
100,000 feet.

30. At sea level, the increases in
light output per unit weight of fuel
ranged from a nominal 4% for titanium
to a substaatial 147% for zitconium. At
100,000 feet, the light output per unit
weight of fuel was slightly lower for the
fuel-rich aluminum and magnesium com-
positions than for the parallel stoichio-
metric compositions. The reverse was
teue for the zirconium, tiranium, and
calcium compositicas. Agzin, calcium
was the only fuel yieldiaz considerably
more light at 100,000 feet than ar sea
level, Titanium emitied slightly more

non-calcium-type emission, especially
at high altirudes. For purposes of com-
parison, the compositions were listed
accordirg to their free metal calcium
content (calcium content capable of be-
ing oxidized to calcium oxide). Since
calcium was found to be far superior to
aluminum or maganesium as a fuel, it was
believed chat most of the light emitted
by the alloys at 100,000 feet could be
atzribuzed to the available calcium,
Therefore, the light output of each alloy
should be related to the quantity of cal-
cium available for reaction.

32, As Table 14 shows, a relationship
does appear to exist between the calcium

light at 100,000 feet thaa at sea level. free metal coatent and light output for
3 For spotting purposes, the high-peak the calcium-magnesium alloy and calcium
and fast-time-to-peak characteristics powders (80/20 compositions). However, +
E; 1) -
1‘ g : exhibited by the fuel-rich zirconium the light output per gram of free metal )
1 ! composition are of considerable iaterest. calcium obtained for che calcium/alumi-
Where differences betweea the duracion num alloy is exceptionally high, and
7 (*4, max) and total duration values are doe$ not reveal any relationship between 3
: : substantial, it is due to a relatively slow calcium conteat per se and light output.
] cooling rate from the 4, max level to a The low calcium content of this alloy
1 light level too low to measure, The accompanied by high light-values indi- ‘ y
§ amount of light found in this *‘cail-off’’ cates emission by a molecular species
area is usually a very small percentage other than, or in addition to, calcium l
3 . '
: _ of the total light, oxide molecules. It should be noted that. d
’ ﬂ‘] : : the luminosity characteristics of the al-
- . Colcium-Contoining Fuels loys approach those of calcium metal
; 3 and not of the aluminum or magnesium -? {
* o 31. Substitution of calcium/aluminum - constitutents, indicating that calcium
1 3 alloy or calcium/magaesium alloy for «« the dominant fuel in determining the 3
:2 j : calcium metal powder did aot sigaificantly mechanism of che reaction. Exa}minanon
PRTREE R alter the light outpur at either sea level of the dat.a s-hows thaf lummoslty. Yalues 5
"_!: d i . ot 100,000 feet (Table 14, p 26). However, characteristic of calcium compositions :
3 5F = 3 1 the use of calcium hydcdde as a fuel gave also occur with the alloys (such as rela- Lo
g a1 ] very poor luminosity characteristics. tively low peak iateasity, long time to L
g ) .o HE These inotdinately low values indicate peak intensity, long burning duration, £ o0 .
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and increased light output at 100,000
feet). On the other hand, the addition of
aluminum to a binary calcium/oxidant
composition gave results that approach
those characteristics of aluminum com-
positions, such as high peak, fast time
to peak, and short duration (Tabie 15,
p27)"

33. It should be pointed out that, since
the total light output is esseatially a
function of the peak incensity, rate of
cooling, and buming duration, the evalua-
tioy of various fuels and oxidants in
terms of their light output (integral
light) may be misleading. To adequately
«valuate two or more compositioas
whose burning durations differ substan-
tially, the average intensity (integral
light/duration) or light level should
also be compared. As Table 14 (p26)
shows, calcium compositions exhibited
the highest intensities at both sea level
and 100,000 feet, Data on the sensi-
tivity to impact and friction of most of
the compositions evaluated is shown ie
Table 16 (p 28).

EXPERIMENTAL PROCEDURES
Hendling

34. la general, the fuels—calcium
metal prwder, calcium hydride, calcium/
aluminum alloy, and calcium/magnesium
alloy— and the salts-lithium perchlo-
rate, sodium perchlorate, calciur per-
chlorate, strontium perchlocate, barium
pecchlorate, calcium nitrate, and calcium
oxide—whether used alone or in compo-
sitions must be stored in airtight con-
tainers to protect them from atmospheric

10

moisture, Loag exposuce to ordinary air
or short exposure to humid air should
be avoided for the fcllowing reasons:
(a) the subsequen: reduction in free
metal contant of the fuels will have aa
adverse effect on the light outpuc of
their respective compositioas; (b) under
coaditions whete the heat generated by
the reaction of moisture with one of the
metal-powders is not dissipated rapidly
enough, igaition of the composition may
occur; and (c) the presence of moisture
in the oxidant will adversely effect the
light owtput of the composition.

35. Because of the rapidity with which
the cartridges were loaded and sealed
with full charges of composition, the
moistute sensitive ingredients were ex-
posed to the atmosphere for a period of
only 15 minutes. Thus, a fairly high
relative humidity of 75% has been estab-
lished as a safe upper limit for both the
blending and the loading operations.

36. The sensitivity to friction and im-
pact of most of the compositions evale-
ated is showa in Table 16. From the
standpoint of future use, the impottant
fuels alumiaum and calcium show rela-
tively low friction seasitivity, as indi-
cated by the no-action results obtained
in the fibre shoe test. However, calcium
does show high seasitivity to impact.

* Siace the hazaed of igaition from the beild-
vp of electricity is a dry stwospbere is greater
chaa the hazerd of igaition from a calciam
moistare reaction ia 8 bunid atmcsphere, all
cusrent work is being conducted wader relative
Yumidities of from 40% to 75%, and the car
uidges ate beiag loaded by remote coatrol,
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Blending and Loading

37. All of the compositions were dry
blended in accordance with Sequence of
Operations P.A.C.U. No. 5. Loading was
pecformed by remote conteol accordiag
to Sequence of Operatioas T1034—-5—48.
Each Daisy or modified M112 cartridge
contained 250 mg of lead azide and
35 mg of lead styphaate in the relay
charge and a delay charge consisting of
800 mg of 90/10 barium chromate/bacon.
To obtain an airtight seal, the threads
and/or crimped poction of each charge
case wete coated with synthetic cubber
adhesive,

Testing

38. The cartridges were tested in a
high-altitude tank which can be evaca-
ated to 8‘mm pressure, simulating an
altitude of 100,000 feet. Each carttidge
was suspended in a horizontal position
at the center of the 15-foot-diameter
poction of the tank by taping them to a
Yinch-diameter vertical steel rod. The
end of che cartridge containing the
delay-relay assembly was faced away
(180 degrees) from the photocell. A
photocell-oscill oscope combination was
used to pick up the light emitted. laitia-
tion of the delay composition was by -
90/10 barium chromate/bocoa loaded in
an M1A1l squib housing. -

Materlals Used
Fuels

a, Calcium metal powder, 85% and 92%
free metal content, average pacticle
diameter, 23 microns, Ethyl Corporatiea,

b. Calcium hydride, 91.3% purity,
averapg= particle diameter, 13 microns,
Metal Hydrides Co.

¢. Calcium-magaesium alloy (73%
calcium, 22% magoesium), average
particle diameter, 35 miccons, Dow
Chemical Co.

d. Calcium-aluminum alloy (50%
calcium, 38% aluminum), average patti-
cle diameter, 19 microns, Valley Metal-
lurgical Co.

<. Atomized aluminum, average patti-
cle diameter, 15 microns, Metals Dis-
integrating Co,

f. Boron, average particle diameter,
1 micron, American Potash Co.

g. Magnesium, average particle
diameter, 20 microns, Ruffert Chemical
Co.

h. Silicon, average particle diameter,
2.2 microns, Arner Co.

i. Titanium, average pasticie diameter,
6.4 microns, Hydrimet Co.

j Zirconium, average particle diameter,
26 microns, Foote Nineral Co,

Oxidants and Additives

a. Barium nitrate, avetage particle
diameter, 20 micrcas, Baker Co,

b. Barium perchlorate, average parti-

cle diameter, 22 microns, G. Snith
Chemical Co,

c. Calcium fluoride, average parti-
cle size, 3,5 microns, Baker Chemical Co.

—

T T e

—TE

™
RN

e

e
ot

Y
° din

pomvrr
s

"y

B D

2

) Asal

i g

",
g

1 Al
7,
i

s v
oAb

o
“

- [ S

L.



t
1 ) - a— =
] 1
5 d. Calcium nitrate, average particle diameter, 20 microns, Davies Nitrate ‘
- diameter, 24 microns, Mallinckrodt Chemical Co. : *
Chemical Co. . .
) 1 1. Sodium perchlorate, average parti- |
E ’ e. Calcium oxide, average particle cle diameter, 20 microns, G. Suith
5 4 diameter, 13 microas, Merck Chemical Chemical Co.
Co. 4
. . Metal Parts
: f. Caicium perchlorate, average-parti- 3
cle diameter, 16 microns, G. Swith a, Daisy charge case, cover case,
Chemical Co. and relay cup, Drawing P—88928 dated )
! . . 5 Sept 1956 i
3 g- Lithium perchlorace, average parti- - :
o cle diameter, 22 microns, American b. Modified M112 charge case, Draw- %;
3 Potash and Chemical Co. ing 78-2-535 dated S June 1951 with the 8
exception that the length of cartridge %
# ) b, Potassium perchlorate, average was reduced to 1,72 inches. :
t : patticle diameter, 24 microns, Sobin 3 {
3 4 f Chemical Co. REFERENCES :
2 i. Strontium nitrate, average pasti- _ 1. Lopatin, Seymour, High Altitude Flash : T
cle diameter, 20 microns, Davies Characteristics of Calcium/Potassium -
] # Nitrate Chemical Co. Percblorate and Standard Photoflash 3
1 . . Compositions, Picatinny Arsenal Teche 3 3
% ) Stronfmm perdxlor.ate, average nical Report 2646, October 1959
3 i particle diameter, 20 microns, G. Smith :
: Chemical Co. 2. Pearse and Gaydon, The Identification £ ]
g § R . . of Molecular Spectra, John Wiley & j
- d k. Sodium aitrate, average particle Sons, Inc, 1941 i
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